In processing of ocean-bottom-node (OBN) data, vertical particle velocity (Vz) data, recorded by geophones, and pressure (P) data, recorded by hydrophones, can be used conjunctively for up-and down-going wavefield separation. However, shear noise attenuation needs to occur in the Vz data before it can be matched to the P data. The noise attenuation and the matching can be achieved in one step by local attribute matching in the dualtree complex wavelet transform (DTCWT) domain. Shear noise on Vz data can be characterized as low frequency and composed of a wide range of local dips. Conventional DTCWT does recursive band analysis only in the LL-band (low-f and low-k band). Therefore, shear noise with k in the higher half-band cannot be wellresolved in the frequency domain due to the poor frequency resolution in the LH band. As a result, the attenuation of high-k shear noise can be inadequate in conventional DTCWT domain. This paper proposes a new scheme to do 2D complex wavelet transformations that can provide adaptive angular-resolving capability for each analysis stage and thus solve the problem of poor high-k shear noise suppression with conventional 2D DTCWT.
Introduction
In ocean-bottom-node (OBN) and ocean-bottom-cable (OBC) data processing, pressure (P) data, recorded by hydrophones, and vertical particle velocity (Vz) data, recorded by geophones, are used together for up-going and down-going wave field separation. Up-going waves in P and Vz data have the same polarity, whereas downgoing waves in P data and Vz data have opposite polarity, as shown in Equation 1 (Hoffe, et al. 2000) . Therefore, summation of P and Vz can separate the up-and down-going wave fields. However, real Vz data usually contain shear wave noise that does not exist in the P component (Paffenholz and Hays 2006) . Thus, the shear wave noise in the Vz component needs to be attenuated (Gordon Poole, et al. 2012 ) before the Vz and P wavelets can be matched and summed.
1
Shear wave noise attenuation in Vz and matching between P and Vz can be achieved in one step with local attribute matching in the dual-tree complex wavelet transform (DTCWT) domain (Yu, et al. 2011 ). Yu et al. (2011 apply 2D DTCWT to both P and Vz components to obtain two sets of complex coefficients for each component (Selesnick and Kingsbury 2005) . The amplitude of each complex coefficient of Vz is matched to that of P while preserving the phase. By doing this, the wavelet of Vz is matched to that of P, and the shear noise in Vz is also suppressed. At the same time the polarity of Vz traces will be preserved, hence after the processing Vz and P can be directly summed to separate up and down going waves.
Conventional 2D DTCWT is implemented in a row-column separable way (Selesnick and Kingsbury 2005), i.e. analysing filters are applied in rows and columns separately in analysis stages; each analysis stage is equivalent to dividing the input F-K domain into four sub-bands: HH band (high-f high-k band), HL band, LH band and LL band. The next analysis stage is recursively performed only within the LL band. Therefore, in conventional 2D DTCWT, the division of the input F-K domain is similar to Figure 1(a) . This division pattern has an intrinsic problem: high-k components have poor frequency resolution in the low frequencies.
In real field seismic data, shear wave noise in Vz usually exists in a large k range, but with the conventional 2D DTCWT band division, high-k shear noise cannot be adequately isolated in the frequency domain. This inhibits the attenuation of high-k shear wave noise. 2D wavelet transform can also be viewed as decomposing an input on 2D wavelet bases with different orientations. Another drawback of the conventional 2D DTCWT is its limited angle resolving capability. In conventional 2D DTCWT, every stage has three wavelet bands (LH band, HH band and HL band), and each band accommodates two 2D wavelet bases that are conjugate to each other. Thus, in every stage the input is decomposed on 2D wavelet bases with exactly six orientations (Selesnick and Kingsbury 2005), (Yu, et al. 2011) . The limitation of six orientations restricts the angular resolving capability of the conventional 2D DTCWT. For high-f or high-k bands (in early analysis stages), 2D wavelet bases with more than six orientations can be constructed.
Method
To overcome the drawback of conventional 2D DTCWT, we propose a new scheme for 2D complex wavelet transform that provides better angular resolution. We call it High Angular Resolution Complex Wavelet Transform (HARCWT). We keep the same wavelet bases in HARCWT as we do in conventional 2D DTCWT, and the 2D analysis is also achieved in a recursive, row-column separable way; however, the analysis stages in HARCWT are not performed only in the LL band. Instead, we do wavelet analysis in frequency sub-bands for all k and vice versa. Figure 1 (c) shows the band division of HARCWT. From the band division, we note that all k components have equal resolution in frequency and vice versa.
An important advantage of HARCWT is that it has better angular resolution than conventional 2D DTCWT. As mentioned above, in conventional 2D DTCWT, every stage accommodates exactly six orientations of the 2D wavelet bases, regardless of the real angular resolution it can achieve. The six 2D wavelet bases for stage i can be expressed as following: The wavelet type used in the transform is the same as that in Tay and Kingsbury (1993) .
Due to the better orientation resolving capability of HARCWT, high-k shear noise can be better isolated and then be better suppressed in the HARCWT domain than in conventional 2D DTCWT domain.
Examples
Now we test our method of PZ matching for a real-data common node gather. The input pressure record and the Vz component are shown in Figures 2(a) and 2(b) . The Vz component of this gather has shear noise with high k in the deep section. Figure 2(c) shows the result of matching the Vz component to the input P using the conventional 2D DTCWT approach. We observe obvious residual high-k shear noise. The matching result in the HARCWT domain is shown in Figure 2(d) . When comparing the deep region in Figures 2(c) and 2(d) , we see the clear attenuation of the high-k shear noise by HARCWT. Figure 2 (e) shows the difference between the matching result with conventional 2D DTCWT and that with HARCWT.
Compared with conventional 2D DTCWT, HARCWT has more angular resolution capability, especially for high-k or high-f segments. The energy of high-k shear noise in Vz data can be better separated in certain f-k bands in HARCWT than in conventional 2D DTCWT.As a result the contrast between the noise contaminated fk band of the Vz data and the noise free f-k band of P data is larger in HARCWT than in conventional 2D DTCWT. Better focusing and larger energy contrasts between the complex wavelet coefficients in P data and Vz data lead to more effective noise energy suppression and better signal preservation with the HARCWT method.
Conclusions
We propose to do PZ matching and shear noise attenuation in HARCWT domain. Compared to conventional 2D DTCWT, HARCWT has better frequency partitions for all k; hence, it provides more angular resolution than conventional 2D DTCWT. We demonstrated its improvement in shear noise attenuation using a real field data example.
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